WHAT IS CLAIMED IS: 



1. An industrial vehicle comprising: i 
an engine ; / 
a torque converter; / 

a transmission coupled to the engine by the torque 
converter; / 

a driving wheel, wherein the driving wheel is rotated 
by power that is transmitted from/the transmission; 

a hydraulic brake for braking the driving wheel, 
wherein the hydraulic brake generates a braking force, the 
magnitude of which corresponds /to a hydraulic pressure 
applied to the hydraulic -brake6 

a brake valve for adjusj/ing the hydraulic pressure 
applied to the hydraulic bra/Ke; 

a brake actuator, whiah is moved by a human operator to 
actuate the hydraulic brake; 

a sensor for detecting the rotational speed of the 
driving wheel; and / 

a controller, wherMn the controller controls the brake 
valve such that the hydraulic brake brakes the driving wheel 
with a force of a normal value, which corresponds to a force 
applied to the brake /actuator, wherein the controller 
computes the rotatianal deceleration of the driving wheel 
while braking basecp on the detected rotational speed, and 
wherein, when the ^computed rotational deceleration exceeds a 
predetermined deceleration determination value, the 
controller cont^ls the brake valve such that the braking 
force of the hyyaraulic brake is set to a limit value, which 
is smaller thaA the normal value. 

2. The industrial vehicle according to claim 1, wherein 
the hydraulic brake is one of a forward clutch and a reverse 
clutch, which are included in the transmission, the forward 
clutch beyng engaged when the vehicle is moving forward, the 

/ 102 



reverse clutch being engaged when the vehicle is movii 
backward, each clutch producing an engaging force 
corresponding to an applied hydraulic pressure, wWrein the 
brake valve is one of a forward clutch valve f or/adj ust ing a 
hydraulic pressure applied to the forward clutcfi and a 
reverse clutch valve for adjusting a hydrauli/ pressure 
applied to the reverse clutch, wherein, whecf the vehicle is 
moving forward, the reverse clutch functions as the 
hydraulic brake and the reverse clutch v/lve functions as 
the brake valve, and wherein, when the/Vehicle is moving 
backward, the forward clutch function/ as the hydraulic 
brake and the forward clutch valve functions as the brake 
valve . 

3. The industrial vehicle according to claim 1, wherein 
the hydraulic brake is a hydr/ulic-clut ch type parking brake 

4. The industrial vehicle! according to claim 1, wherein, 
when the vehicle speed is/lower than a predetermined 
determination value, the/controller maintains the braking 
force of the hydraulic /brake at the normal value regardless 
of the rotational deceleration. 

5. The industrial/ vehicle according to claim 1, wherein 
the controller con/trols the brake valve such that the 
braking force of /the hydraulic brake is increased to the 
normal value aft/er being decreased to the limit value, and 
wherein the normal value of the braking force is gradually 
decreased each/ time the braking force is increased to the 
normal value /from the limit value. 

6. The i/dustrial vehicle according to claim 5, wherein, 
when the rotational deceleration exceeds a predetermined 
reference value, the controller computes the difference 
between/the rotational deceleration and the reference value, 
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and wherein, when the braking force of the hydraulic /brake 
is increased from the limit value to the normal valine, the 
controller decreases the normal value by a degree/that 
corresponds to an accumulated value of the difference. 

7. The industrial vehicle according to cla4m 6, further 
comprising a mode selector for selecting or/e deceleration 
mode among plural deceleration modes for /determining a 
deceleration feel while braking, and wh4rein the controller 
modifies the reference value in accordance with the selected 
deceleration mode. / 

8. The industrial vehicle according to claim 1, wherein 
the controller increases the braking force of the hydraulic 
brake as the load weight on tj/e vehicle increases. 

The industrial vehicW according to claim 1, wherein 
the hydraulic brake is located in a power transmission path 
between the torque converter and the driving wheel, and 
wherein the indust r :Lal/vehicle includes a wheel brake 
located at the dryfirvq wheel to directly brake the driving 
wheel in response tp actuation of the brake actuator. 

10. The industrial vehicle according to claim 1, wherein 
the driving whe^el is one of left and right driving wheels, 
and the sensor/ is one of a plurality of sensors, each 
corresponding to one of the driving wheels, wherein the 
controller ^computes the rotational deceleration of each 
driving whyeel based on the rotational speed detected by the 
corresporVaing sensor, and wherein, when the rotational 
deceleration of at least one of the driving wheels exceeds 
the deceleration determination value, the controller changes 
the b/aking force of the hydraulic brake to the limit value. 

1 . / The industrial vehicle according to claim 1, wherein 
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the transmission includes a hydraulic forward/clutch, which 
is engaged when the vehicle is moving forwa/d, and a 
hydraulic reverse clutch, which is engagecr when the vehicle 
is moving backward, and wherein each cluxch produces an 
engaging force, the magnitude of which/corresponds to a 
hydraulic pressure applied to the clutch, the industrial 
vehicle further comprising: 

a forward clutch valve for Adjusting a hydraulic 
pressure applied to the forwanl clutch; 

a reverse clutch valve /tor adjusting a hydraulic 
pressure applied to the re/erse clutch; and 

a shift actuator, w>iich is shifted between a forward 
position for moving the/ vehicle f.orward and a reverse 
position for moving tfcfe vehicle backward, wherein, when the 
shift actuator is shafted to the forward position, the 
controller control^ the forward clutch valve to engage the 
forward clutch, ^and when the shift actuator is shifted to 
the reverse position, the controller controls the reverse 
clutch valve /io engage the reverse clutch, and wherein, when 
direction switching is performed, in which the shift 
actuator ys moved from the forward position to the reverse 

or from the reverse position to the forward 
position while the vehicle is moving, the controller 
executes a vehicle deceleration control procedure for 
switching the moving direction of the vehicle. 
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12./ The industrial vehicle according to claim 11, wherein, 
du/ring the vehicle deceleration control procedure, the 
controller limits the engine speed to be equal to or lower 
;han a predetermined upper limit value. 



13. The industrial vehicle according to claim 12, wherein 
the controller changes the upper limit value in accordance 
jbLi^W^tiTe^ weight of a load carried by the vehicle. 
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14. The industrial vehicle according to claim 3/1, wherein, 
during the vehicle deceleration control procedure, the 
controller controls one of the clutch valves >that 
corresponds to a post-shifting clutch, whicl^ is one of the 
clutches that corresponds to the position >of the shift 
actuator after the shift actuator is shifted, such that the 
post-shifting clutch brakes the driving/wheel. 



15. The industrial vehicle according to claim 14, wherein, 
during the vehicle deceleration control procedure, the 
controller controls one of the clutch valves that 
corresponds to the post-shifting ^clutch such that the post- 
shifting clutch is partially engaged. 

16. The industrial vehicle according to claim 14, further 
comprising a mode selector fc/r selecting one deceleration 
mode among plural deceleration modes for determining a 
deceleration feel while broking, and wherein, during the 
vehicle deceleration control procedure, the controller 
changes the engaging force of the post-shifting clutch in 
accordance with the selected deceleration mode. 

17. The industrial yehicle according to claim 14, wherein, 
during the vehicle deceleration control procedure, the 
controller changes the engaging force of the post-shifting 
clutch in accordance with the weight of a load carried by 
the vehicle. 

18. The industrial vehicle according to claim 14, wherein, 
during the vehicle deceleration control procedure, the 
controller computes the rotational deceleration of the 
driving wheel/ based on the rotational speed detected by the 
sensor, andi wherein, when the computed rotational 
deceleration exceeds the deceleration determination value, 
the controller controls one of the clutch valves that 
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corresponds to the post-shifting clutch to decrease the 
engaging force of the post-shifting clutch. 

19. The industrial vehicle according to c/laim 18, wherein 
5 the driving wheel is one of left and rigtyfc driving wheels, 
and the sensor is one of a plurality of /sensors, each 
corresponding to one of the driving wheels, wherein the 
controller computes the rotational deceleration of each 
driving wheel based on the rotational speed detected by the 
10 corresponding sensor, and wherein , /when the rotational 

deceleration of at least one of the driving wheels exceeds 
the deceleration determination value, the controller 
decreases the engaging force of/ the post-shifting clutch. 

«|L5 20. The industrial vehicle according to claim 14, wherein, 

;i: when direction switching is /performed, the controller 

;; = computes a predicted periods from when the direction 

l : switching is performed unt/il when the vehicle speed reaches 

;;j a level at which the' vehicle can be started in a direction 

,20 that is opposite to the y^urrent moving direction without 

iil creating shock, based the rotational speed detected by 

the sensor, and wherein the controller continues the vehicle 
deceleration control procedure at least until the predicted 



25 



period has elapsed. 



21. The industria/1 vehicle according to claim 20, wherein, 



when direction switching is performed, the controller 
computes the vehicle speed based on the rotational speed 
detected by the ysensor and computes the vehicle deceleration 
30 in accordance with the engaging force of the post-shifting 
clutch, and wherein the controller computes the predicted 
period based on the computed vehicle speed and the computed 
vehicle deceleration. 



35 22. The industrial vehicle according to claim 20, wherein, 
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when the predicted period has elapsed and the vehicle speed, 
which is computed based on the detected rotational speed, is 
judged to have fallen below a predetermined v/alue, the 
controller terminates the vehicle deceleration control 
5 procedure. 

23. The industrial vehicle according t^/ claim 20, wherein, 
when the predicted period has elapsed a,nd the difference 
between an input rotational speed and /an output rotational 

10 speed of the post-shifting clutch fal/ls below a 

predetermined value, the controller /terminates the vehicle 
deceleration control procedure. 

24. The industrial vehicle according to claim 14, wherein 
the controller judges whether th^ driving wheel has changed 

s != from a decelerating state to ar^/ accelerating state based on 

;fi the rotational speed detected by the sensor, and wherein the 

; ! controller continues the vehicle deceleration control 

O procedure at least until the/ driving wheel has changed to an 
£20 accelerating state. 

25. The industrial vehicle according to claim 24, wherein, 
when the driving wheel has changed to an accelerating state 
and the difference between an input rotational speed and an 

25 output rotational speed of the post-shifting clutch falls 
below a predetermined /value , the controller terminates the 
vehicle deceleration /control procedure. 

26. The industrial vehicle according to claim 24, wherein, 
30 during the vehicle/ deceleration control procedure, the 

controller computes the rotational deceleration of the 
driving wheel based on the rotational speed detected by the 
sensor, and wherein, when the computed rotational 
deceleration exceeds the deceleration determination value, 
35 the controlled controls one of the clutch valves that 
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corresponds to the post-shifting clutch to decease the 
engaging force of the post-shifting clutch, avid wherein the 
controller stops judging whether the driving/wheel has 
changed from a decelerating state to an accelerating state 
for a predetermined period during which t/he driving wheel 
can be shifted to an accelerating state/due to a decrease of 
the engaging force of the post-shif tin,g clutch. 




27. The industrial vehicle according to claim 14, wherein 
10 the controller starts a vehicle starting control procedure 

after terminating the vehicle deceleration control procedure, 
and wherein, during the vehicle starting control procedure, 
the controller controls one of ^the clutch valves that 
corresponds to the post-shifting clutch such that the post- 
shifting clutch rotates the driving wheel . 

K / 

>j 28. The industrial vehicle according to claim 27, wherein, 

during the vehicle starting control procedure, the 

:| controller computes the Rotational acceleration of the 
20 driving wheel based on t>he rotational speed detected by the 
sensor, and wherein, wh4n the computed acceleration exceeds 
a predetermined acceleration determination value, the 
controller controls o'ne of the clutch valves that 
corresponds to the ^st-shifting clutch to decrease the 
25 engaging force of t'he post -shi f ting clutch so that the power 
transmitted to the^driving wheel decreases. 

29. The industrial vehicle according to claim 28, wherein 
the driving whe^l is one of left and right driving wheels, 

30 and the sensor/is one of sensors, each corresponding to one 
of the driving wheels, wherein the controller computes the 
rotational acceleration of each driving wheel based on the 
rotational y^peed detected by the corresponding sensor, and 
wherein, when the rotational acceleration of at least one of 

35 the driving wheels exceeds the acceleration determination 
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value, the controller decreases an engaging f orqfe of the 
post-shifting clutch. 

^ 30. The industrial vehicle according to cla/im 1, wherein 
5 the transmission includes a hydraulic forward clutch, which 
is engaged when the vehicle is moving forward, and a 
hydraulic reverse clutch, which is engaged when the vehicle 
is moving backward, and wherein each cloitch produces an 
engaging force, the magnitude of whicti corresponds to a 
10 hydraulic pressure applied to the clutch, the industrial 
vehicle further comprising: 

a forward clutch valve for controlling the hydraulic 
■} pressure applied to the forward ^clutch ; 

II a reverse clutch valve for controlling the hydraulic 

pressure applied to the revers/ clutch; and 

a shift actuator, which/is shifted among a forward 
position for moving the vehi/cle forward, a reverse position 
for moving the vehicle backward and a neutral position for 
;i stopping the vehicle, wherein, when the shift actuator is 
'20 shifted to the forward position, the controller controls the 
;!j forward clutch valve to/engage the forward clutch, when the 
shift actuator is shifted to the reverse position, the 
controller controls t^e reverse clutch valve to engage the 
reverse clutch, and when the shift actuator is shifted to 
25 the neutral position, the controller controls the clutch 
valves to disengage the clutches, and wherein, when the 
shift actuator is /shifted from the neutral position to the 
forward position yor to the reverse position, the controller 
controls one of ^the clutch valves that corresponds to a 
30 post-shifting clutch, which is one of the clutches that 

corresponds to /the position of the shift actuator after the 
shift actuator is shifted, such that the engaging force of 
the post-shifting clutch is temporarily maintained at an 
intermediate/ value , which is smaller than a maximum value of 
35 an engaging/ force of the post-shifting clutch, and is then 

110 



increased to the maximum value. 




31. The industrial vehicle according to claim 30, /wherein 
the controller changes the intermediate value in Accordance 
with the weight of a load carried by the vehicle; 

32. The industrial vehicle according to claiip 30, wherein 
the controller gradually increases the intermediate value at 
a rate, which is determined in accordance wi^h the engine 
speed . 

33. The industrial vehicle according to hlaim 30, wherein, 
when the difference between an input rotational speed and an 
output rotational speed of the post-shifting clutch falls 
below a predetermined value, the controller increases the 
engaging force of the post-shifting clutch from the 
intermediate value to the maximum value . 



An industrial vehicle compris/ing :/ 
an engine; 
a torque converter, 

a transmission coupled to /th^ engine by the torque 
converter, wherein the transmission includes a forward 
clutch, which is engaged when//che vehicle is moving forward, 
and a reverse clutch, which pLs engaged when the vehicle is 
moving backward; 

a driving wheel, wherein the driving wheel is rotated 
by power that is transmitted from the transmission; 

a sensor for dej/ec^ing the rotational speed of the 
driving wheel; and 

a controller/for/ controlling the engine, wherein the 
controller computes yhe rotational acceleration of the 
.driving wheel wrien t'he vehicle is accelerating based on the 
detected rota/ionay speed, and wherein, when the computed 
rotational Acceleration exceeds a predetermined acceleration 
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determination value, th^ controller controls the yengine 
output to limit the power transmitted to the drying wheel 

35. The industrial vehicle according to claijn 34, wherein 
the controller computes an accumulated value/of the 
difference between the rotational acceleration and the 
acceleration determination value from when/ the rotational 
acceleration exceeds the acceleration determination value 
due to acceleration of the vehicle, and /wherein the 
controller limits the engine output onyy when the 
accumulated value is a positive value./ 

36. The industrial vehicle according to claim 34, further 
comprising a brake for braking the driving wheel, wherein, 
when the rotational acceleration exceeds the acceleration 
determination value, the controller causes the brake to 
brake the driving wheel. 

37. The industrial vehicle according to claim 34, wherein 
the driving wheel is one of left and right driving wheels, 
and the sensor is one of sensors, each corresponding to one 
of the driving wheels, wherei/n the controller computes the 
rotational acceleration of emch driving wheel based on the 
rotational speed detected hh the corresponding sensor, and 
wherein, when the rotational acceleration of at least one of 
the driving wheels exceeds the acceleration determination 
value, the controller lin/its the engine output. 

38. An industrial vehi/cle comprising 
an engine; 
a torque converter; 

a transmission coupled to ydhe engine by the torque 
converter, wherein t/ne transmission includes a hydraulic 
forward clutch, which is engaged when the vehicle is moving 
forward, and a hydfaulic inverse clutch, which is engaged 
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when the vehicle is moving backward, and/ wherein each clutch 
produces an engaging force, the magnitude of which 
corresponds to a hydraulic pressure applied to the clutch; 
a forward clutch valve for controlling the hydraulic 
5 pressure applied to the forward clutch; 

a reverse clutch valve for czfont rol ling the hydraul ic 
pressure applied to the reverse /clutch ; 

a driving wheel , wherein /the driving wheel is rotated 
by power that is transmit ted /from the transmission; 
10 asensorfor detecting^ the rotational speed of the 

driving wheel; and / 

a controller for controlling the clutch valves, wherein 
the controller computes/ the rotational acceleration of the 
driving wheel when ther vehicle is accelerating based on the 
fl. 5 detected rotational jspeed, and wherein, when the computed 
I rotational acceleration exceeds a predetermined acceleration 

I determination vali/e, the controller decreases an engaging 

force of one of /che clutches that corresponds to the moving 
? direction of tyj^e vehicle for decreasing the power 
20 transmitted i^o the driving wheel by controlling the 
f corresponding clutch valve. 
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The/ industrial vehicle according to claim 38, further 



comprising a brake for braking the driving wheel, wherein, 
when ttie rotational acceleration exceeds the acceleration 
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determination value, the controller causes the brake to 
brake the driving wheel. 

The industrial vehicle according to claim 3 8 , wherein 
th'e driving wheel is one of left and right driving wheels, 
/nd the sensor is one of censors, each corresponding to one 

Therein the controller computes the 
ion of each driving wheel based on. the 
ftional speed detected by the corresponding sensor, and 
'wherein, when the rotational acceleration of at least one of 
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the driving wheels exceeds the acceleration determination 
value, the controller decreases an engaging forae of one of 
the clutches that corresponds to the moving direction of the 
vehicle . 



41. The industrial vehicle according to claim 38, further 
comprising a shift actuator, which is shiftyed among a 
forward position for moving the vehicle forward, a reverse 
position for moving the vehicle backward /and a neutral 
10 position for stopping the vehicle, wherein, when the shift 
actuator is shifted to the forward position, the controller 
controls the forward clutch valve to engage the forward 
clutch, when the shift actuator is ^hifted to the reverse 
position, the controller controls t/he reverse clutch valve 
115 to engage the reverse clutch, and /when the shift actuator is 
\ shifted to the neutral position, /the controller controls the 

I clutch valves to disengage the ^clutches, and wherein, when 

the shift actuator is shifted from the neutral position to 
^ the forward position or to th^e reverse position, the 

20 controller controls one of t^he clutch valves that 
f corresponds to a post-shifting clutch, which is one of the 

clutches that corresponds /to the position of the shift 
actuator after the shift Actuator is shifted, such that an 
engaging force of the po4t - shi f t ing clutch is temporarily 
25 maintained at an intermediate value, which is smaller than a 
maximum value of an engaging force of the post-shifting 
clutch, and is then i/creased to the maximum value. 

/ 

j\ 42. The industrial' vehicle according to claim 41, wherein 
30 the controller changes the intermediate value in accordance 
with the weight o/f a load carried by the vehicle. 

^43. The industrial vehicle according to claim 41, wherein 
the controller/ gradually increases the intermediate value at 
35 a rate, which/is determined in accordance with the engine 
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speed 



44. The industrial vehicle according Xj6 claim 41, wherein, 
when the difference between an input Rotational speed and an 
output rotational speed of the pos^shif t ing clutch falls 
below a predetermined value, the^ controller increases the 
engaging force of the post-sMf ting clutch from the 
intermediate value to the jrfaximum value. 



10 45. An industrial veKicle comprising 
a drive source; 
a differential; 

; a pair of driving wheels coupled to the drive source by 

1 the differential, wherein the differential permits the 
15 rotational speeds of the driving wheels to differ; 
* a brake for braking the/ driving wheels; 

a skid detect/or for gJj^tecting skid values, each 
representing the d|e g rj^e^^f skidding of one of the driving 
I wheels; and 

20 a controller fo/ controlling the drive source or the 

brake for eliminating skidding of the driving wheels based 
on the greater of/the detected skid values. 

46. The industrial vehicle according to claim 45, wherein 
25 the skid deifector detects the degree of change of the 

rotational/ speed of each driving wheel as the corresponding 
skid val^e. 
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47. Th£ industrial vehicle according to claim 45, further 
comprising a pair of steered wheels, wherein the skid 
detecytor computes a predicted moving speed of each driving 



whe( 



1 



relative to the road surface based on the rotational 



speed and the steered angle of the steered wheels, and the 

skid detector computes a detected moving speed of each 

deriving wheel relative to the road surface based on the 
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rotational speed of the driving wheel, and wherein the skid 
detector computes a value that is proportional to the 
difference between the predicted moving spe.ed and the 
detected moving speed of each driving wheel as the 
corresponding skid value. / j 



8. An industrial vehicle comprising 
an engine; 
a torque converter; 

a transmission coupled to /t/ie engine by the torque 
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converter, wherein the transmpasion includes a hydraulic 
forward clutch, which is engacfed when the vehicle is moving 
forward, and a hydraulic reverse clutch, which is engaged 
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when the vefTTcle is moving /backward, and wherein each clutch 
produces afn engaging for/cse, the magnitude of which 
corresponds to a hydrau\0.c pressure applied to the clutch; 
a differential; 

a pair ^*^clrivi/Kg wheels coupled to the transmission by 
the differential, wherein the differential permits the 
rotational speeds /pf the driving wheels to differ; 

a skid det/ator for detecting skid values, each 
representing tjtfe/ degree of skidding of one of the driving 
wheels; and 

a controller for controlling the clutches, wherein, 
when the g/eauer of the detected skid values exceeds a 
predetermined' acceleration determination value while the 
vehicle /is accelerating, the controller decreases the 
engaging fo/trce of one of the clutches that corresponds to 
the moving/ direction of the vehicle for decreasing the power 
trarysmitted to the driving wheels. 



49. Th/e industrial vehicle according to claim 48, wherein 
the sk/d detector detect s Tt^e-j/Begree of change of the 
rotational speed of each driying wheel as the corresponding 
skid /value . 
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50. The industrial vehicle accordino to claim 48, further 
comprising a pair of steered wheels/ wherein the skid 
detector computes a predicted movimg speed of each driving 
wheel relative to the road surface based on the rotational ■ 
speed and the steered angle of /the steered wheels, and the 
skid detector computes a detected moving speed of each 
dr ivinq/^wFieel relative to tfete road surface based on the 
rotational speed of the driving wheel, and wherein the skid 
detector computes a value that is proportional to the 
difference between the/predicted moving speed and the 
detected moving speed/ of each driving wheel as the 
corresponding skid value. 
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